Abstract
INTRODUCTION
Disordered regulatory apoptosis plays an important role in tumorigenesis [1] . Several proteins that inhibit apoptosis have been identified, such as some members of bcl-2, HSP and IAP (inhibition of apoptosis). IAP gene family controls a downstream step in cell death by suppressing the activity of Caspases, the executers of cell death programs [2] . Survivin is a newly identified gene in IAP family, and it is characterized by a unique structure with a single, baculovirus IAP repeat and no zinc-binding domain known as Ring finger [3] . Its another characteristic is that it expresses in most human cancers but is essentially absent in normal tissues, which makes it an exciting potential therapeutic target in cancer treatment [4] . Gastric cancer is one of the leading causes of cancer deaths in China, and it still has poor prognosis in spite of some progresses in treatment. It has been demonstrated from immunohistochemicl analysis that about 34.5% of gastric cancers overexpress survivin, and are significantly associated with reduced apoptosis compared with survivin negative tumors [5] . Recently, manipulating apoptosis gene by antisense oligodeoxynucleotide (ASOND) might provide new therapeutic strategies in treating human diseases [6] . ASODN is a single-strand DNA which is complementary to specific regions of mRNA and capable of inhibiting the antiapoptotic gene, and it is noticeable that ASOND holds great promise as a pharmaceutical agent. Therefore, we investigated whether growth inhibition and induced apoptosis of gastric cancer cell line SGC7901 could be achieved by targeting survivin with ASODN.
MATERIALS AND METHODS

Cell culture
SGC7901 was maintained in RPMI 1640 and supplemented with 100 mL/L calf serum at 37 in humidified atmosphere containing 50 mL/L CO 2 .
Immunohistochemistry
Cells were plated in 60 mm tissue culture dishes containing coverglasses overnight. The coverglasses were washed in phosphate-buffered saline (PBS), fixed for 30 min in 70 mL/L ethanol, washed twice in PBS. Quenching of the endogenous perixidase activity was obtained by treatment with 0.3 mL/L H 2 O 2 in methanol. The sections were blocked with 10 mL/L goat serum in PBS and incubated with 3 µg anti -survivin polyclonal antibody (gift from Dr. Katsuya Shiraki, First Department of Internal Medicine, Mie University School of Medicine, Tsu, Japan) at 4 overnight, then incubated with HRP-conjuncted antibody for 30 min at room temperature. After three washes of 5 min in PBS, they were developed in a substrate solution of horseradish peroxidase. Negative control omitting survivin antibody was also performed to confirm the absence of non-specific reactions. Expression of survivin was classified into three levels: (-) no or weak staining, (+) less than 50% positive nuclei staining, and (++) greater than 50% positive nuclei staining of the total nuclei. codons, and could empirically access survivin mRNA as shown in Table 1 . In addition, the scramble sequence of survivin ASODN3 was as follows: 5'-GGA CCA CGC TAT CAG CCG-3', and reverse anitsense (sense): 5'-ATG GGT GCC CCG ACG TTG-3'. Phosphothioalate oligodexynucleotides were synthesized using an applied biosystems 3 900 DNA synthesizer (Shenggong, Shanghai, China). After the synthesis, ODNs were purified by use of high-pressure liquid chromatography system, dissolved with PBS, and frozen in aliquots at -20 until use. 
Measurement of cell growth
In vitro growth inhibitory effects of ODNs on SGC7901 were assessed by MTT assay performed according to the previously described protocol [7] with a slight modification. Two×10 4 cells were seeded in each well of 96-well micrometer plates and allowed to attach overnight. The cells were then treated with 400 nmol/L ODN-Lipofection complex for 24 h and incubated for another 48 h. Subsequently, 20 µL of MTT (5 g/L, Sigma) in PBS was added to each well, followed by incubation for 4 h at 37 . Formazan crystals were dissolved in DMSO. Absorbance was determined with an enzyme-linked immunosorbent assay reader (model 318, Shanghai, China) at 540 nm. Each assay was performed nine times. The controls received medium alone. The results were expressed as mean±SE of controls with no ODN.
Reverse transcriptase-PCR (RT-PCR) analysis of survivin mRNA
Total RNA was extracted from SGC7901 cells by modification of guanidium-thiocyanate acid phenol method [8] and quantified based on the measured absorbance at 260 nm. cDNA was synthesized using 2 µg of RNA, 10 6 U/ L reverse transcripatase (GIBCO, Inc), 0.5 g/L Oligod T, in a total volume of 20 µL. Reaction was performed at 42 for 60 min, and terminated by heating at 99 for 5 min. The sequences of oligodexynucleotides primes for RT-PCR were as follows: survivin-S 5'-ATG GGT GCC CCG ACG TTG CC-3', survivin-A 5'-GCA GCT CCG GCC AGA GGC CT-3', β-actin-S 5'-GGC GGC ACC ACC TGT ACC CT-3' and β-actin-A 5'-AGG GGC CGG ACT CGT CAT ACT-3', respectively. For amplification of cDNA, 2 µL cDNA product was subjected to PCR-based technique using 2.5 U of Taq DNA Polymerase, 1 µL each of forward and reverse primers, and 200 µmol/L each of dNTPs. PCR consisted of 35 cycles at 94 for 1 min, at 62 for 1 min and at 72 for 1 min followed by a final extension at 72 for 5 min.
Western blot analysis
Cells were washed in ice-cold PBS and lysed in a buffer using standard methods. After centrifugation at 10 000 g for 10 min, the supernatants were stored at -70 . Lysate equalized for protein content was separated in 150 g/L SDS-PAGE and transferred onto a PVDF membrane. The membranes were blocked for 1 h at room temperature in 10 g/L BSA, and incubated overnight at 4 with survivin antibody, followed by incubation with sheep anti-rabbit second antibody conjugated to horseradish peroxidase (Dako, Denmark) for 120 min. Finally the membranes were developed with DAB and incubated until color developed sufficiently.
Measurement of apoptosis by flow cytometry and staining with Hchest 33342
In preparation of flow cytometry (FCM), SGC 7901 cells were centrifuged 72 h after transfection. The cells were washed with PBS, and fixed in 70 mL/L cold ethanol. Samples were treated with RNase (10 g/L), resuspended and stained with 10 g/L propidium iodine. After 30 min at room temperature in the dark, the cells were analyzed using a FCM scan flow cytometer. Apoptotic cells appeared in the cell cycle distribution as cells with DNA contents less than G 1 
Statistical analysis
The data were expressed as mean±SE. The results were analyzed by ANOVA test. P<0.05 was considered statistically significant.
RESULTS
Expression of survivin in SGC7901
We examined the expression of survivin gene in SGC-7901 using immunohistochemistry. Expression of survivin was observed primarily in cytoplasm, and mild staining in nuclei (data not shown).
Cell proliferation assay
As shown in Figure 1 , ASODN3 caused a statistically significant reduction of cell viability to 60.6±2.9% (P<0.01), while ASODN1 and ASODN2 had not such changes (P>0.05). We also investigated whether growth inhibition was changed by control sequences including reversal antisense (i.e. sense) and scrambled sequence with the same composition. As shown in Figure 2 , neither had any changes in activity (P>0.05). Changes of survivin mRNA expression after transfection As shown in Figure 3 , a significant loss of survivin mRNA was detected in antisense treated cells and this was not seen in either sense ODN treated or scramble ODN treated cells.
Changes of survivin protein expression after transfetion
We aimed to investigate whether survivin ASODN could downregulate survivin protein in SGC7901, and further determined whether it was in sequence-specific way. Figure 4 shows a typical change of survivin protein expression. Protein level was significantly decreased 48 h after survivin ASODN trasfection (by approximately 2-fold decrease compared with untreated control), whereas either sense ODN treated or scramble ODN treated cells did not modulate survivin expression levels. To sum up, these results provided strong evidence of sequence specific mechanism of survivin ASODN. 
DISCUSSION
ASODN represents a useful experimental approach for manipulating gene expression, and recently some antisense compounds have shown anticancer efficacy in numerous preclinical studies [9] [10] [11] [12] . Survivin was detectable in most types of cancer, and its presence was associated with a poor prognosis in many malignant tumors [13] [14] [15] [16] . In this study, we chose survivin as the molecular target and designed ASODN to observe its influence on growth and apoptosis of gastric cancer cell line SGC7901. An immunohistochemical study showed that SGC7901 could positively express survivin, prior to ASODN transfection.
Then, it should be considered to design an optimal site for antisense blocking, which is the key factor of antisense research. Previous researches showed not all areas of a mRNA molecular were amenable to antisense hybridization. Therefore, among the possible ASODNs against a given target nucleic acid, only a small number of sequences seemed to give rise to satisfactorily strong inhibition of target gene expression. The reason is unclear and probably involves mRNA secondary structure. Therefore, computer program was used to design ASODN, but sometimes its usefulness was elusive [17] . On the other hand, empirically, ASODN targeting AUG starting site was most frequently used in antisense experiments [18] , such as bcl-2 ASODN application in various cancer cell lines [19] [20] [21] [22] [23] . So far we still could not predict accurately the secondary structure of mRNA, and it is rather difficult to predict which is the best ASODN sequence unless through some screening experiments. In our experiment, ASODN1 and ASODN2 were designed by computer program and selected as candidate sequences. ASODN3 targeting the translation initiation codon region, was selected as another candidate sequence to screen the most potent sequence.
Survivin could regulate G2/M phase of the cell cycle by associating it with mitotic spindle microtubules [24, 25] , and its expression was positively correlated with proliferation of hepatic [26] and pancreatic [27] carcinoma cells. Therefore, we tried to determine which sequence was potent by observing cell growth as previous studies [7, 28, 29] . As a result, ASODN3 was able to suppress cell viability of approximate 40% decrease of the number of viable cells (P<0.01), while ASODN1 and ASODN2 did not affect cell viability significantly (P>0.05). On the other hand, the most widely recognized mechanism of ASODN involved RNase H mediated destruction of the target mRNA. Therefor, we also performed RT-PCR and Western blot to confirm the occurrence of antisense effect of ASODN3. As shown in Figures 3 and 4 , ASODN3 caused a reduction in the mRNA and protein level 48 h after transduction. However, two different controls for ASODN3 did not modulate survivin mRNA and protein expression levels. Therefore, further evidences for sequence-specific antisense effect of ASODN3 were provided. The exact mechanism of ASODN3 is still unknown, and we suspect that the translation initiation codon region of survivin mRNA is probably a single strand.
In the present study, we identified that ASODN3 had a potent sequence to inhibit cell growth, then we detected apoptosis by FCM and nuclei staining when survivin ASOND3 was transfected. However, it demonstrated that transfecting survivin ASODN solely was not sufficient to trigger apoptosis, indicating that decrease of cell viability was not due to apoptosis. Our results were different from the report by Olie RA [30] . It seemed plausible that the effects of ASODN varied depending on the expression profile of treated cells. It was also probably due to the complexity of apoptotic pathway in which other antiapoptotic genes might play more important roles in gastric cancer cell line SGC-7901.
In conclusion, ASODN3 can inhibit the growth of gastric cancer cell line but can not induce apoptosis by itself. From a clinical standpoint, anti-cancer therapy still relies heavily on cytotoxic agents, in spite of some advances in identifying molecular target by ASODN treatment [31] . So, it is meaningful to investigate further whether ASODN targeting survivin can enhance the sensitivity of chemotherapeutic drugs by decreasing apoptosis thresholds.
